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We present an intuitive analytical model for extraordinary optical transmission (EOT) through 
corrugated metallic films. In the framework of this model, EOT emerges from standing wave reso- 
nances of the different diffraction orders, and is an inherent property of periodic structures, which 
does not require specific polarization dependent properties such as surface plasmons. The model 
correctly predicts the conditions for the EOT resonances in various geometrical configurations, in 
both TE and TM polarizations, and in the subwavelength and non-subwavelength spectral regimes, 
using the same underlying mechanism. 



I. INTRODUCTION 

The electromagnetic response of subwavelength metal- 
lic corrugated structures give rise to many physically in- 
teresting, potentially useful, and sometime initially coun- 
terintuitive phenomena. Perhaps the most widely known 
is that of resonant extraordinary optical transmission 
(EOT) in arrayed subwavelength holes or slits in metal- 
lic sheets 1 -. In subwavelength slit arrays, EOT is defined 
as light transmission superseding the geometrical ratio 
of the open, transparent slits area and the opaque, metal 
surface area. Carefully engineered subwavelength slit ar- 
rays were shown to exhibit other interesting qualities, 
such as beaming and focusing of light 2 -), and large lo- 
cal field amplifications^ among others. Such structures 
therefore has been suggested as functional parts for var- 
ious device realizations^. 

While numerical calculations and semi-analytical mod- 
els accurately predicted the emergence of EOT in ID ar- 
rays of subwavelength metallic gratings^—, the underly- 
ing physical mechanism has been under scientific debate 
for several years^&^ i 10 ' 11 . Most explanations involved 
EOT for incoming light in TM polarization (the magnetic 
field component of the incoming light is parallel to the 
slits), and invoked, in one way or the other, resonant ex- 
citation of modified forms of surface waves. For ID slits, 
TM polarized light always has an electric field component 
perpendicular to the slits, and can therefore resonantly 
excite surface waves - surface plasmons (SPP)-. These 
phenomena were thought to be essential for EOT, though 
different mechanisms such as the full dynamical diffrac- 
tion theory^, and cavity-like EOT were also suggested as 
possible explanations for emergence of EOT^^. 

In 2006 E. Moreno et alJ^ showed theoretically that 
EOT is possible for TE polarization as well, where sur- 
face excitations are not allowed, and therefore such EOT 
is essentially a plasmonless EOT. They showed that such 
plasmonless EOT can be realized only by laying a thin 
dielectric layer on top of the metallic grating. In their 
explanation, the reason for the existence of such a phe- 
nomenon is based on a coupling of the incoming light to 
slab waveguide modes in the thin dielectric layer, which 



take the role of surface waves as the resonant mediator 
for the light transmission. Such unique structures and 
related effects where actually both calculated and ex- 
perimentally realized previously (in perhaps a different 
context) by Rosenblatt et al.— , which termed them grat- 
ing waveguide structures. Several later works have inves- 
tigated various modifications of such grating waveguide 
structure designs. However, recent works have shown the 
emergence of EOT in the TE polarization without the ex- 
tra dielectric laye r 14 ' 15 , so apparently there is no mecha- 
nism involved which could take the role of the SPPs. 

Notably, a comprehensive study of both TE and TM 
EOT on the same footing and an intuitive model that 
explains both phenomena in a unified, simple way is yet 
unavailable as far as we know. Such a description, if 
exists, can lead to a clearer, more intuitive understanding 
of the underlying mechanism of EOT in such structures, 
and can also be utilized for designing such structures for 
various applications. 

Therefore, the purpose of this article is not to develop 
a different numerical method by which a rigorous simu- 
lation of the transmission spectra can be calculated, but 
rather to propose the simplest analytical model which 
will still be able to predict the emergence of EOT. Such 
a model has to be in good agreement with the experi- 
ments and rigorous numerical models. Furthermore, the 
model has to be appropriate for a wide variety of con- 
figurations without modifying its basic building blocks, 
and should give a clear picture of the underlying physical 
mechanism behind the apriori different EOT situations. 

Here we present an approximated model in which the 
EOT resonances occur when incoming light diffracts to 
various bragg modes due to the periodic metallic struc- 
ture. For these bragg modes, and specifically for the 
first bragg mode, the metal grating can be treated as 
an effective dielectric medium. For some wavelengths, 
the first bragg mode can form a standing wave between 
two effective edges of the structure. Whenever such res- 
onant standing waves occur, the structure behaves as a 
Fabri-Perot like ethalon and therefore a very high trans- 
mission. We show that this approximated picture can 
be used to quantitatively describe, on the same footing, 
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FIG. 1: A general metallic grating cross section configuration. 
The incident plane wave vector, as well as the transmitted 
wave vector are represented by the arrows. All the relevant 
physical parameters are explained in the text. 



EOT in both the TE and TM polarizations of the incom- 
ing light, with or without finite thickness dielectric layers 
surrounding the metallic grating, thus giving a unified 
intuitive picture of the mechanism behind EOT in such 
structures. 



II. EFFECTIVE BRAGG-CAVITY MODEL: 
DERIVATION 

The structure geometry under consideration and all 
the relevant geometrical, optical, and material parame- 
ters are shown in Fig. [T] Here the incoming plane wave 
has a positive k z , d is the periodicity of the grating, a the 
slit width, w is the grating thickness. 71-1,713 are the re- 
fractive index of the infinite dielectric layers before and 
after the grating, and n s is the refractive index inside 
the slits. In some of the configurations, there will be an 
extra thin dielectric layer with the refractive index ri2, 
with a thickness u>2, of the same order of magnitude as 
the grating thickness w. 

We will now show how an approximation for the EOT 
maxima can be found by the condition of a standing wave 
in the subwavelength corrugated structure for the first 
bragg order. This will lead to a mapping of this structure 
to a similar configuration with an effective homogeneous 
dielectric layer replacing the grating as shown in fig. [2] 
and to the Effective Bragg-Cavity model. We start our 
derivation from the Maxwell equations in an inhomoge- 
neous medium, 



with a wavelength A, incident on the grating is fco = 
2tt/A. 

Using these equations, we can find the eigenvalues of 
Eq. [5] in each of the four layers depicted in Fig Q] sep- 
arately. In the homogeneous dielectric materials before 
and after the grating, Eqs. [TJ [5] reduce to 

AE(r) + /c 2 e/jE(r) = 0. 



AH(r) + /c 2 e/iH(r) = 0. 

Producing the known wave equations in dielectric media. 

Let the incident plane wave be in the TM polarization, 
assuming a one-dimensional array of slits, periodic along 
the x axis, with ji(r) = 1 everywhere, the eigenfunctions 
of Eq. [2l and therefore, for the magnetic field inside the 
metal grating will be of the form of Bloch wavesi 



where g = ^ , k x is the same as that of the incident elec- 

tromagnetic wave, and k z will be found from Eq.[2] The 
total magnetic field is given by the sum of each Bloch- 
wave excitation 



H(r) 



(3) 



here ip^j) is the exitation of the j-th eigen mode inside 
the grating. In the dielectric layers before and after the 
grating, indexed by 1 and 3 respectively, 
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and fci , 



with k z given by fc*' 

Let us focus on normal incident light (i.e. 8 = in 
fig- HI) - In the subwavelength regime (-^- > 2a), there is 

(i) 

only one propagating mode in the grating, with k z — 
fcprop _ ^ ^ s _ n ^ Using the approximation that 
only this mode is excited by the incoming plane wave 
(which means neglecting the evanescent modes inside the 
metallic grating), Eq. [3] becomes: 
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fc 2 e(r)E(r) = 0. (1) 



fc 2 /j(r)H(r) = 0. (2) 



Where e is the dielectric constant and /i is the magnetic 
permeability. The vacuum wave vector of the plane wave 



and solving the full boundary condition problem under 
this approximation leads to semi-analytical models for 
transmissio n 6 ' 8 ' 16 . 

However, even without an exact solution to the equa- 
tions, one can intuitively identify the cause for the EOT: 

Under the condition that the wavelength satisfies > 

111,3 

d, which means k% 3 < g, there will be only one prop- 
agating mode outside of the grating, having k x = 0, 
while all the modes having k x = gm, where m 
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are evanescent. However, inside the grating, there will 
still be propagating modes with k x = gm, because of 
the periodic bloch function, as is clearly seen in Eq. |4] 
Hence, these modes, which are evanescent outside the 
grating, will be confined to the grating 16 . Since the only 
excited mode in the grating is the propagating mode, 
having k z = k prop and k x = gm, we can map this prob- 
lem into a similar one: replacing the metallic grating 
with a dielectric m aterial whose ref ractive index is de- 
fined as n" l jf = y (k prop ) 2 + (gm) 2 jk. For normal in- 
cidence in the TM polarization, k prop — n s ko. Thus 
"ri^tt — \/n 2 + (m\/d) 2 . Now the boundary matching 
condition for a given bragg mode in the metallic grating 
is the same as the boundary condition for a waveguide 
mode with n = Thus, the standard slab waveguide 

transverse resonance condition 

2k prop w - 20 12 - 20 23 = 2tt/, (5) 

will give us the values of k which produces the stand- 
ing wave inside the grating layer, which will be denoted 
by ko. For m = 1, <f> 12 = tan- ^/fcf ■*), 23 = 

tan-^J/fcf" "), 7 = ( ne/z/nOVg 2 - (mfc )M = 
K/i/^FyT^AF an d ^i>^3 are the refractive 
index before and after the grating respectively. I is a non 
negative integer. For the case where n s = ri\ = n^, we 
get 

012 = 023 = tan- 1 ((x 2 + l)Vx 2 - l) • (6) 

with x = g/(n s k) 

For the TE polarized plane waves, the derivation is 
similar, starting from Eq. [TJ and using a similar proce- 
dure, we arrive at the slab waveguide transverse reso- 
nance condition in the TE polarization: 

2kf op w - 20 12 - 20 2 3 = 2irl, (7) 

With 12 = ta n- 1 (7/ fcP r °P), 23 = taxT 1 (5 / kf op ) , 7 = 
y/g 2 ~ (nxko) 2 , S = y/ g 2 - (n 3 k ) 2 . 

The crucial point is that, as in a Fabri- Perot ethalon, 
these standing wave conditions will have a visible effect 
on the transmission. We argue that for m = these 
standing waves will cause the forward transmission to 
be at maximum value, because of constructive interfer- 
ence similar to a Fabri-Perot ethalon. The argument is 
similar in spirit to the one proposed by Rosenblatt et 
alJ^ for reflection resonances in grating waveguide struc- 
tures. Since the waveguide condition is transcedental, an 
analytical equation showing that the standing wave con- 
dition and the EOT condition are the same, is difficult 
to achieve. However, we will show that for a range of 
different configurations, with incoming light in the TE 
or TM polarizations, the wavelength Ao, for which an 
EOT maxima occurs, given by rigorous numerical calcu- 
lations and the one found by the analytical equation for 
the standing wave condition are the same. Therefore, our 
simplified model is that for there to be EOT, there has to 



be a standing wave in the z direction inside the system 
for the bragg modes having ra/0. 

In the case where § ~ 0.5, a good approximation is 
taking only the first bragg diffraction, i.e. m = 1, since 
for ideal metals, H m will be proportional to the fourier 
transform of a rectangular box of width which de- 
creases as sinc(^)- (It can be easily shown that this is 
also the waveguide-like condition found by Shen et alJ£ 
in the limit J2m sinc(^j L ) sa sinc(%)). Even for real met- 
als, this approximation still holds, as will be evident from 
our comparison to rigorous numerical calculations in the 
next section and from calculating the values of H m for 
different real metals (approximated by the drude model) . 
Therefore, it is possible to treat the grating as a dielectric 
layer with 

n eff = £ (8) 

(since m=l), and find the wavelength that satisfies the 
slab waveguide resonance condition of Eqs. El [7j This, 
in essence, is the Effective Bragg-Cavity (EBC) Model. 
This simple model predicts correctly the emergence of 
EOT in a vast variety of ID configurations, in both TE 
and TM polarizations, and for the subwavelength and 
non-subwavelength spectral regimes, using the same con- 
dition. 

Fig- HI shows a schematic representation of the model. 
There are three different cases in which a standing wave 
can be achieved. Fig. [U(a)(l-3) shows the numerically 
calculated near field intensity for an incoming A at an 
EOT maximum in different configurations: (1) corre- 
sponds to an incident plane wave in either the TM polar- 
ization, in which case both (A/n s ) > 2a and (X/n s ) < 2a 
are valid, or in the TE polarization, for (A/n s ) < 2a. 
Both the dielectric materials n\ , n% are approximated as 
having infinite thickness. This is the usual scenario of a 
bare grating discussed in the literature (specifically, the 
near field calculation shown coincides with TM polarized 
light). Fig. [2fa)(2) corresponds to the same regimes as 
Fig- |2Ja)(l), but with an added dielectric layer n 2 with a 
finite thickness, of the same order as the metallic grating 
thickness. (3) corresponds to an incoming plane wave in 
the TE polarization, with (A/n s ) > 2a, and the dielectric 
layer n 2 having a finite thickness. Fig. [U(b)(l-3) shows 
the model schematics, with the standing wave which cor- 
responds to each of the configurations. All these config- 
urations are summarized in table U . It is clear that the 
model is the same for all three configurations, and the 
only difference is the area which confines the standing 
wave at the EOT resonances. 

To show the generality of this simple picture, we note 
again that our model predicts EOT in the TE polariza- 
tion as well. Let us then first explain the emergence of 
EOT in the TE polarization. As stated earlier, for in- 
coming plane waves in the TE polarization, one starts 
from Eq. [I] and derives Eq.[7]as the EOT resonance con- 
dition. The one major difference from an incoming light 
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FIG. 2: A schematic illustration of the EBC model, (a) Near 
field intensity in a unit cell at a wavelength corresponding 
to an EOT maximum in three different configurations, as ex- 
plained in the text and in table U (b) The corresponding 
model schematics. The same model applies to all the config- 
urations, the only difference is the area in which the standing 
wave appears in the structure. 



TABLE I: Summary of the different cases in fig. [2] 



Configuration 


layer 712 


Polarization 


Spectral range 


(1) 


not present 


TM 


all 




not present 


TE 


X/n a < 2a 


(2) 


present 


TM 


all 




present 


TE 


X/n s < 2a 


(3) 


present 


TE 


X/n B > la 



in the TM polarization, is that W z r ° v in the TE polar- 
ization behaves differently than in the TM polarization. 
Approximating the grating slits to infinite metallic slab 
waveguides (with a correction to the width a in case of 
non-ideal metal to account for skin depth), k v z TO ' p is then 
given by the equation 



k prop = Jf^u, 2 - 7 2 (9) 

with 7 = 2™ 

From Eq. [5] it is clear that there is a cutoff frequency. 
Hence, in the subwavelength regime ((A/n s ) > 2a) there 
are no propagating modes inside the grating. This 
seems to suggest that the mechanism for EOT is unavail- 
able. However, EOT in wire grating experiments and 
simulations in the TE polarizatio n 14 ' 15 and in gratings 
with an added thin layer of dielectric material^ were ob- 
served. Both these phenomena can be explained by our 
model. In the wire gratings the configuration was such 
that 2a > d. For (\/n s ) > d, the first bragg diffrac- 
tion is evanescent before and after the grating, as in the 
TM polarization. As long as (X/n s ) < 2a (below the 
cutoff frequency) there will be a propagating bloch wave 
inside the grating, and thus, a standing wave condition 
can be achieved. Therefore, we expect EOT in the TE 
polarization as well, as long as d < (X/n s ) < 2a, since 
this condition is not actually subwavelength. Thus the 
configuration discussed in these articles corresponds the 
model in Fig. Hflb). 

For EOT to occur in the TE polarization in the sub- 



wavelength regime, the system has to be configured dif- 
ferently, so a standing wave will be possible. When a thin 
dielectric layer is added above of the grating, there is the 
possibility of a waveguide mode even for (X/n s ) > 2*^ 
(given that A/712 < d). For (X/n s ) < 2a, both the grating 
and the dielectric layer 712 support a propagating mode in 
the first bragg order (m = 1), and therefore the standing 
wave is given by the equation for a two layer waveguide 
(with 712 and n e // for the grating layer), corresponding 
to Fig. (Kb) (2). 

For (A/n s ) > 2a, there is no longer a propagating mode 
inside the grating, while the dielectric layer still supports 
one. However, there will still be an eigenmode in the grat- 
ing with a relatively small imaginary part, which will be 
denoted by k e z v . For thin gratings, an evanescent coupling 
by the first bragg diffraction to the waveguide mode in 
the thin dielectric layer will still be possible. As stated 
by Garcia Vidal et al. in Ref. 12 transmission minima 
will appear for wavelengths approximately satisfying the 
waveguide condition in the dielectric layer, with a metal- 
lic slab instead of the grating, with an explanation similar 
to the one discussed by Rosenblatt et al. in Ref.—. In 
contrast, if we again examine the first bragg order in the 
grating: 

E{r) = Ae i[{k * +9)x+k ° Vz]il (10) 

and define n e f / for the effective dielectric layer as shown 
in Eq. [51 it will be shown in the next section that the 
maximum transmission peaks observed in this configura- 
tion satisfy the waveguide condition, with the effective 
dielectric layer. Furthermore, these maxima depend on 
n e ff as predicted by the model, while the transmission 
minima are not. This corresponds to the configuration 
in Fig. fflb) (3). 

III. COMPARISON TO NUMERICAL 
CALCULATIONS 

To check the validity of our model predictions for 
the spectral position of the EOT maxima, we compare 
them to a full numerical calculation using an RCWA 
methodic. 

Fig [3] shows the numerically calculated zero order 
transmission intensity for different wavelengths and grat- 
ing thickness . The numerical calculation was done with 
d = 0.9/im, a = 0.35/^m, and (nl = n3 = n s = 1) 
on both sides of the grating and inside the slits. This 
corresponds to the configuration depicted in fig. [U(b)(l). 
The predictions of the EOT maxima, given by Eq. [5] are 
plotted in fig. |3l by the white dotted lines. A very good 
agreement between the numerically calculated transmis- 
sion maxima and the EBC model is clearly seen, with no 
fitting parameters. 

It is apparent from fig. [3] that the transmission max- 
imum occurs at different wavelengths for different grat- 
ing thickness^ as expected from a Fabri-Perot like be- 
havior. Furthermore, there is a smooth transition be- 
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1 • 2 3 
grating thickness [j.im] 

FIG. 3: Transmission in the TM polarization with no added 
thin dielectric layer, in the symmetric configuration ni = 
ri3 — n 3 , for different wavelengths and grating thickness. The 
dotted white lines are the transmission maxima according to 
the EBC model. The yellow line is the first transmission max- 
imum according to the EBC model with all the diffraction 
orders taken into account. The periodicity is d — and 
the slit width is a — 0.35/im. 




12 3 4 

Grating thickness [itm] 

FIG. 4: Transmission in the TE polarization for different 
wavelengths and grating thicknesses. The dashed lines are 
the transmission maxima according to the EBC model . The 
periodicity is d — 0.9/im, the slit width is a — 0.55/im, so 
that 2a > d in the configuration corresponding to fig. [2^3). 



tween the cavity-like maximum, as indicated by region 
(1) in fig [3] (a), in which we see the familiar linear depen- 
dence of the resonant wavelength on the cavity width 
w = j 2 ^ (I being an integer) and the SPP-like max- 
imum, as indicated by region(2), which deviates from 
this slope. As seen, this transition is predicted by the 
EBC model. Since m = 713 = n s , in the limit 3> d, 
which means n e ff 3> 714,3 an d X ^ 1j Eq. [5] becomes 
4>i2 = 4>23 ~ tan^ 1 (x 3 ) ~ 7r/2 and Eq. [5] reduces to 
2n s koiv = 2irl which is the metallic slab waveguide con- 
dition, or 

2n s ' 

with I e N. This means that the standing wave is con- 
fined exactly inside the metallic grating, corresponding to 
the cavity- like EOT maxima in Ref. [g. The other limit, 
where — — yd gives us a confined mode with an effective 
length in the z direction which is much larger than the 
grating width w. This limit corresponds to the SPP-like 
maxima in Ref. § due to the slow spatial decay of the 
field intensity of the confined mode into the surrounding 
dielectric layers in this limit, the near field intensity dis- 
tribution behaves as a surface plasmon-like mode. In this 
sense, the cavity-like modes and the SPP-like modes are 
just two limits of the general EBC model. 

In FigUwe see a similar graph for the TE polarization, 
with d = 0.9fim and a = 0.55/im. we can see that for 
(A/n s ) < d the transmission is not dependent on the 
grating thickness, and no EOT resonance is observed. 
However, since d < 2a we see EOT in this polarization 
when d < (X/n s ) < 2a, again in good agreement with 
our model. As can be seen, the behavior of the EOT 
lines differs from the TM polarization. This difference 
is largely explained by the difference in the metallic slab 



waveguide equations (and thus k prop ) between TE and 
TM. 

In both polarizations, the standing wave model pre- 
dicts quite accurately the behavior of the EOT, but with 
a slight deviation from the actual maximum. This can 
mostly be explained by the fact that our approximation 
took into account only the first bragg order. The yellow 
line in fig. [3] is the EBC model calculated first trans- 
mission maximum when all the diffraction orders of the 
waveguide condition^ are taken into account. As can 
be seen, this improves the accuracy of the model's pre- 
diction. Furthermore, as was previously shown^ taking 
only the propagating mode inside the grating into ac- 
count already causes a small shift of the transmission 
features. 

A more interesting case is a configuration in which a 
thin dielectric layer is added on top of the grating (con- 
figuration (c) in fig [3J in Fig. [S] we again see the trans- 
mission for different wavelengths and grating thickness, 
with d — 0.9/jto, a = 0.35/ito, u>2 = 0.93/im. 

It is clear from fig. [5] that there is a cutoff in the trans- 
mission around A = 1.12/zm, which corresponds to the 
transition into the subwavelength regime. As can be 
seen, in the non-subwavelength regime ((A/n s ) < 2a), 
the maximum transmission lines behave similarly to the 
case in which there is no added dielectric layer, with the 
difference that there is still a propagating mode in the 
dielectric material. 

The extra observed features are lines of minima in the 
transmission, which closely correspond to the waveguide 
condition in the thin dielectric layer 71%, taking the grat- 
ing as a homogeneous metallic slabi^, and accordingly 
do not change with the metal width. However, in the 
subwavelength regime, there is a transmission maximum 
near to the waveguide minimum, which does not change 
spectrally with the metal thickness. Because there is 
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FIG. 5: Transmission in the TE polarization with a thin di- 
electric layer for different wavelengths and grating thickness. 
The dashed lines are the transmission maxima according to 
the EBC model (dotted line). The periodicity is d — 0.9/im, 
the slit width is a — 0.35/im. Because ni = 1.52 and the 
metal is not ideal, the cutoff is at A = 1.12/j,m 

no propagating mode in the grating, this is to be ex- 
pected, as already explained. However, we do expect it 
to change accordingly to the imaginary part of k z (de- 
fined as Changing the imaginary part of kf can be 
done by changing the slit width a. In Fig. [6] the zero 
order transmission maxima is extracted from the numer- 
ical model for different values of the slit width a in the 
subwavclcngth regime, and is compared to the predicted 
value given by the EBC model. As can be seen, there is a 
pretty good correspondence between the two. Note that 
the resolution is of the magnitude of 10 — 20nm, and so 
we do not expect a perfect fit. However it is clear that 
the trend of both lines is the same. 

We have also compared the EBC model to numerical 
calculations in which n\ ^ 77,3. In the spectral regimes 
where all the higher diffraction orders are evanescent in 
both infinite dielectric layers (layers 1,3), the agreement 
with our analytical model was just as good. When one 
of the dielectric layers starts supporting a propagating 
mode with m ^ 0, no real EOT is apparent. The model 
is also in good agreement with the numerical calculations 
when the metal is not taken as ideal but given by the 
drude model, with the exception that when calculating 



fc|? r op in the TE polarization, the skin depth needs to be 
taken into account. 



IV. CONCLUSIONS 

Initially, it was believed that SPPs are involved in the 
emergence of EOT in ID subwavclcngth metallic grat- 
ings. Since then a wide range of configurations that do 
not support SPPs but exhibit EOT have been reported 
to exist. However, it is evident that all of these con- 
figurations do support a standing wave for the higher 
diffraction orders when exhibiting EOT, and do not when 
no EOT is possible. Therefore, our conclusion is that 
a standing wave, which can be similar to a Fabri-Perot 
mode, or a waveguide mode, is always the mechanism 
responsible for EOT. To prove this point, we have de- 
veloped a simple analytical model for the case where 
2 ~ 0.5. We showed that this model is in a very good 
agreement with the full numerical calculations for a wide 
range of configurations, and therefore is a good approxi- 
mation for describing the underlying physical picture for 
EOT. Such a simple analytical model can also be helpful 
in designing EOT structures for various possible applica- 
tions. 

1.295 / / 

1.29 / / 

1-1.285 // 




0.2 0^3 OX 

slit width [^m] 

FIG. 6: Transmission maxima according to the RCWA 
(dashed line) and the standing wave model (dotted line) 
for different slit widths. The transmission minimum is at 
A = 1.726/im. The periodicity is d = 0.9/im, the grat- 
ing width is w = 0.25/im and the dielectric layer width is 
Wd ~ 0.25/ira. 
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